The aim of the present study was to analyze the effects of methylprednisolone pulse therapy (MPPT) courses on bone metabolism in patients with Graves' ophthalmopathy (GO). A retrospective analysis of 45 patients with moderate-to-severe active GO who received 1 or 2 courses of MPPT was performed. Of these, 16 patients underwent 2 courses of treatment. Bone metabolic markers and the density of the lumbar spine (L1-4), femoral neck and total hip were measured using a dual-energy X-ray bone density instrument, and the differences in bone metabolism prior to and after treatment were determined for each group and compared. The results indicated that serum I collagen N-terminal peptide (P1NP) and serum β-collagen crosslinked C-terminal peptide (CTX) were markedly decreased after the first pulse of treatment. In those patients who received a second course of MPPT, CTX levels were significantly decreased, but P1NP was not significantly different from the baseline value. CTX and P1NP levels remained unchanged between the first and second course of MPPT; similarly, there were no changes from baseline in 25(OH) vitamin D3 and bone mineral density after the first and second course of MPPT. However, the level of 25(OH) vitamin D3 was significantly elevated after the second course compared with the first course. In conclusion, the side effects of MPPT on bone metabolism were marginal and a second course of MPPT did not worsen bone metabolism. These MPPT regimens may therefore be considered to be a safe and effective treatment option for patients with moderate-to-severe active GO.
Introduction
Graves' ophthalmopathy (GO), also called thyroid-associated ophthalmopathy, is an ocular disease that may potentially lead to loss of sight. Approximately 3-5% of patients with GO have severe disease with intense pain, inflammation and sight-threatening corneal ulceration or compressive optic neuropathy (1) . Although novel evidence on associated immune mechanisms has provided a basis to explore other drug classes, corticosteroids are currently the mainstay of treatment (2) . Different routes of administration and dosages have been used and various studies have attempted to identify the optimal regimen (3). Meta-analyses of randomized clinical trials clearly demonstrate that intravenous methylprednisolone pulses (IVMP) have greater effcacy than oral prednisone and fewer side-effects (3, 4) . Conse�uently, guidelines recom- (3, 4) . Conse�uently, guidelines recom- (3, 4) . Conse�uently, guidelines recommend IVMP for active, moderate-to-severe GO, preferably 500 mg weekly for 6 weeks followed by 250 mg weekly for another 6 weeks (cumulative dose, 4.5 g) (5) . Thus, 12-week high-dose methylprednisolone pulse therapy (MPPT) is now internationally recognized as a first-line treatment program for individuals with moderate-to-severe GO (6) . However, glucocorticoids (GC) exert multiple side effects, the most notable of which is its negative effect on bone metabolism, which depends on the total dosage of GC administered (7) . Hyperthyroidism concomitant with or ahead of GO may itself have adverse effects on bone tissue, and the ideal treatment should not further aggravate bone resorption. The curative effect of MPPT treatment has been clinically recognized and it may improve patient photophobia, lacrimation, pain and appearance (2) ; but its effect on bone metabolism has remained to be determined. The present retrospective analysis aimed to further clarify the effect of this treatment regimen on overall bone metabolism.
Patients and methods
General information. The present study was a retrospective analysis of real-world medical records. The data of all consecutive patients diagnosed with moderate-to-severe and active GO, who had completed the full course of IVMP therapy at the Endocrine and Diabetes Center of the Affiliated Hospital of Integrated Traditional Chinese and Western Medicine
The effects of bone metabolism in different methylprednisolone pulse treatments for Graves' ophthalmopathy (Nanjing, China) from October 2014 to September 2017, were collected. All Patients were diagnosed with GO based on the Bartley criteria (8) and the European Group on Graves' Orbitopathy (EUGOGO) criteria (9) . The clinical activity score (CAS) scoring standard was used, where a total score of 7 and a CAS ≥3 indicates activity (10) . The present study included patients with medium and severe active GO; i.e., with a CAS score of >3 points. To eliminate the effect of hyperthyroidism on bone metabolism, all patients re�uired basic control of their hyperthyroidism, with Serum free triiodothyronine (FT3), free thyroxine (FT4) within the normal range. Thyroid-stimulating hormone (TSH) levels were normal or below the normal range. Patients with serious hyperthyroidism or refractory hyperthyroidism were excluded. Patients were excluded if they had the following co-morbidities: Hyperparathyroidism, diabetes mellitus, rheumatoid arthritis, ankylosing spondylitis, malignant tumor bone metastasis, severe liver or kidney dysfunction, or current or past treatment with GCs, anti-epileptic drugs, estrogen, heparin, progesterone, or other drugs that affect bone metabolism. Finally, the data of 45 patients (19 males and 26 females) with a disease course ranging between 2 months and 3 years were retrospectively collected and analyzed. The average year of the patients was 42.5±13.24 years (range, 18-62 years). All patients provided written informed consent regarding the use of their clinical data for scientific research when they just entered the hospital.
Methods. Blood (10 ml) was collected from all patients and subjected to laboratory analyses on the second day after admission. The Roche Cobas 8000 Biochemical Analyzer (Roche Diagnostics) was used to determine serum alkaline phosphatase (ALP) and blood calcium (Ca). TSH was analyzed using a Siemens Centaur XP chemiluminescence detector (Siemens AG) and serum I collagen N-terminal peptide (P1NP), β-collagen crosslinked C-terminal peptide (CTX) and 25-hydroxyvitamin D3 [25(OH)D3] were evaluated with a Roche e601 electrochemiluminescence detector (Roche Diagnostics). The BMD of lumbar vertebrae L1-4 and the left femoral neck were measured using a DEXA instrument from the GE-Lunar Prodigy Advance (GE Healthcare). The bone markers and bone mineral density (BMD) were reviewed prior to and after treatment in the single-pulse group for 3 months; and for the 2-pulse group, the bone metabolic index was again reviewed for 3 months, after the second pulse was completed. The average coefficient of variation for all anatomical sites measured was 0.92±0.42% and the BMD coefficient was 0.32%. During the course of routine evaluation, patients were divided into groups that were administered the following MPPT protocols: Methylprednisolone, 0.5 g once per week by intravenous drip for 6 consecutive weeks; then methylprednisolone, 0.25 g by intravenous drip once per week for 6 consecutive weeks, for a total of 12 weeks. All subjects received treatment with omeprazole (40 mg intravenous injection), potassium chloride (20 ml orally prior to intrave-ml orally prior to intrave-ml orally prior to intravenous methylprednisolone) and supplementation with calcium (600 mg �d) and alfacalcidol (0.25 µg �d) until the end of the pulse. The treatment lasted for 3 months and was followed by a 3-month interval. After 6 months, based on the status of the first pulse treatment, it was decided whether to pursue the second course of pulse therapy using the same protocol as above. Treatment of hyperthyroidism was dependent on whether metronidazole or oral administration of propofol was used, and the FT3 and FT4 treatment was adjusted accordingly to allow the patient to remain within the normal range.
A total of 16 individuals were subjected to a second course of pulse therapy, which was consistent with the first course of treatment and adjuvant medication. The dosage for the pulse therapy in the second course was consistent with the first course and no other immunosuppressants were added.
Statistical analyses. SPSS 16.0 statistical software (SPSS, Inc.) was used for statistical analyses. Counting data were analyzed using a Chi-s�uare test. The measurement data (expressed as the mean ± standard deviation), Mean comparisons between the two groups were performed using a t test for normally distributed data. Non-normally distributed data were analyzed using a rank sum test; A group design t test was used to compare two groups, and a paired t-test was used before and after treatment. A One-way ANOVA was used to compare the data among multiple groups, and pairwise comparison between groups was performed using a LSD test. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of baseline data. The baseline data, including TSH, were compared between sex and different age groups (<50 or ≥50 years). There were no statistically significant differences between the groups (P>0.05, Table I ).
Effect of single-pulse therapy on serum Ca, PTH, P1NP and CTX levels, and BMD. Following single-pulse therapy, serum Ca, PTH, P1NP, CTX levels, and BMD were compared with the baseline. The results indicated that serum Ca, PTH and P1NP levels exhibited no differences after one pulse, however, CTX level after therapy in the single-pulse treatment group was lower than levels prior to treatment (P<0.05; Fig. 1 ), but there was no statistically significant difference in BMD prior to vs. after treatment ( Fig. 2 ).
Comparison of 25(OH)D3, P1NP and CTX levels between different age groups and sex prior to and after the first treatment. The CTX levels in individuals aged ≥50 years were significantly lower after treatment (P<0.05), while other biochemical markers were similar between the 2 groups after treatment (Table II) . While there were no significant differences in the indices among females upon treatment ( Fig. 3) , CTX was significantly decreased in males after treatment (Fig. 4) .
The second pulse of therapy does not significantly affect P1NP and CTX levels. A total of 16 patients were subjected to a second course of therapy. Compared with the base line level, CTX levels were reduced after the first therapy and after the second therapy, however there were no significant differences between CTX levels after the first and second therapy. In contrast, P1NP level exhibited no significant changes between baseline levels and after the second therapy. A statistical difference was only exhibited between baseline and first therapy, Compared to the initial levels of 25(OH)D3, no significant differences were observed after either the first or second course of MPPT. However, compared with that after the first course, the level of 25(OH)D3 was significantly elevated after the second course of MPPT ( Fig. 5 ). There were no significant differences in the BMD in different anatomical sites after treatment ( Fig. 6 ).
Discussion
GO is an autoimmune disease closely associated with Graves' disease, that may or may not be accompanied by hyperthyroidism. Due to the inflammation and fibrosis of the extraocular muscles and orbital connective tissues, certain signs/symptoms, including increased volume of orbital contents, eyeball protrusion, eyelid retraction, bulbar conjunctival edema, eye movement disorder, diplopia and optic nerve oppression may appear. Approximately 3-5% of GO patients progress to severe eye impairment (11) . At present, the treatment options for moderate and severe GO are GC hormone therapy and orbital radiotherapy. GC reduce the adhesions of polysaccharide deposition, have anti-inflammatory and immune inhibitory effects and produce a more beneficial effect compared with GO, such as improving periorbital edema, congestion, altered ocular motility and diplopia, therefore, they are currently recognized as the most effective treatment.
The adverse effects of GC on bone, however, are noteworthy. Most patients receiving GC have bone loss leading to osteoporosis, which then increases the risk of fracture shortly after the initiation of treatment, particularly of the spinal vertebrae (12) . Certain patients also develop bone necrosis. At present, oral GC for 3-6 months may lead to rapid bone loss and increase the risk of fracture, but the effect of intravenous drug use on bone metabolism has remained elusive. The primary direct effects of GC on bone formation are augmentation of peroxisome proliferator-activated receptor-γ2 receptors and modulation of the Wnt/β-catenin-signaling pathway, resulting in a decrease in the number of osteoblast cells and an increase in osteoblast and bone cell apoptosis. GC also directly stimulate bone resorption, although this effect decreases over time, possibly due to a decrease in the number of osteoblasts and bone cells (13). 
Sex
Age Previous studies have confirmed that hyperthyroidism combined with GO affects bone turnover, and that the hip bone density is lower than normal (14) . Whether subse�uent MPPT further worsens bone metabolism was the focus of the present study.
Due to the possible negative effects of hyperthyroidism on bone metabolism, patients whose FT3 and FT4 had been restored to normal were included in the present study; in fact, most patients during treatment at the hospital's outpatient consultations were provided with adjustments to reach the normal range. The present results indicated that after single-pulse treatment, bone formation and bone fracture and CTX levels were significantly lower compared with those at baseline. After the second pulse, CTX was still significantly different vs. that prior to therapy, but there was no significant difference in P1NP. 25(OH)D3 was not significantly altered after the first pulse, but after the second pulse, it was significantly increased compared with that after the single pulse. * P<0.05 as indicated. ALP, alkaline phosphatase; PTH, parathyroid hormone; 25(OH) D3, 25-hydroxyvitamin D3; P1NP, I collagen N-terminal peptide; CTX, β-collagen crosslinked C-terminal peptide. indices of patients were significantly lower than those prior to treatment, Although most studies have revealed that glucocorticoids can lead to increased bone resorption, the results of the current study revealed that the CTX level decreased. This may have been associated with a later period of review, and it is generally believed that early bone resorption increased, but over time, the apoptosis of osteoclasts increased, which is consistent with the previously reported effect of GCs on bone cells in general (12) . Whether the latter continuous treatment induces apoptosis of bone cells is certainly worthy of further investigation. In the present study, after the second pulse, the patient's bone transfer marker did not exhibit any further decrease, and no statistically significant differences were observed after the first pulse, suggesting that the 2 pulses did not exert any further inhibitory actions on the skeleton. The 2016 European Thyroid Association/European Group on Graves' Orbitopathy Guidelines for the Management of Graves' Orbitopathy suggest that intravenous GC pulse treatment should not continue for >12 weeks and the cumulative dose of methylprednisolone should not exceed 8 g, thus defining broad boundaries for the safe use of high-dose intravenous GC pulse therapy (9) . Although intravenous GC are the first-line effective treatment, partial or inadequate responses or recurrences are not uncommon. It remains a challenge for clinicians to manage these refractory patients. Due to limited evidence, if GO is still active, the above-mentioned guidelines recommend that the cumulative dose of 8 g of methylpred-g of methylpred-g of methylprednisolone should not be exceeded in this case. Although there is an increased risk of adverse reactions as the doses increase, adverse effects of GC vary between individuals, and this was not dose-dependent. The adverse reactions mainly comprise metabolic effects and liver lesions, which re�uire careful observation and evaluation by clinicians. After strict monitoring of the patients' tolerance to the drug and treatment response, those patients receiving a second course of therapy were carefully selected, and of note, no further impact on those patients was observed. Other studies also reported on the improved efficacy and safety of high-dose intravenous GC therapy, including liver injury, in the treatment of GO (15, 16) .
GC are powerful regulators of bone cell growth and differentiation, and their effects on bones and associated tissues depend upon a variety of factors, including dosage, exposure time, type of steroid hormone used and species. Certain effects of GCs in the human body are indirect, including the regulation of intestinal calcium absorption and parathyroid secretion; other effects in the skeletal microenvironment occur as usual cellular responses. The present study reported that the adverse reactions to MPPT were principally focused on the liver, and it is known that age and methylprednisolone dose are important risk factors (17) . After the menopause in females, rapid bone loss is observed, and males aged >50 years also have a reduc-years also have a reduc-years also have a reduction in bone mass. Therefore, patients were stratified according to age, and they were divided into a ≥50-year-old group and a <50 year old group. It was observed that CTX levels in indi-year old group. It was observed that CTX levels in indi-year old group. It was observed that CTX levels in individuals aged ≥50 years were lower after treatment (P<0.05). However, other biochemical markers for bone, including ALP and PTH, were not significantly different after therapy in the 2 groups. Although P1NP was reduced after one course, but no further reduction was exhibited after the second course. A recent study also indicated that post-menopausal females using inhaled GC had substantial abnormalities in Volumetric bone mineral density, microarchitecture and stiffness compared to controls, as determined by high-resolution peripheral computed tomography (18) . It is speculated that this effect may be associated with the negative effects of aging on bones and in the present study, males exhibited a significant decline in CTX levels (P<0.05). Leib and Winzenrieth (19) also reported an influence of sex on TBS, with a decrease of a greater magnitude in men. This is consistent with the present study, which suggested that male bones are more susceptible to GC-induced impairment. During the course of treatment, 16 patients under-patients under-patients underwent a 2-course pulse regimen, which increased the dosage and duration of GC use, but still exerted no further adverse effects on the bone, including changes in BMD.
The present results indicated that 100% of patients with hyperthyroidism had vitamin D defi ciency, which is consis-D defi ciency, which is consis-D deficiency, which is consistent with the results of previous studies (14) . In patients with vitamin D deficiency or decreased bone mass during methylprednisolone therapy, supplemental calcium and vitamin D is routinely given at our clinic, and patients are encouraged to increase their light exposure and outdoor activities. This may also partly explain the higher levels of vitamin D after a single or double pulse. Similarly, the effectiveness of vitamin D3 (cholecalciferol) in counteracting side effects of GCs has been previously demonstrated (20, 21) . Certain studies have indicated that prednisolone-induced GC receptor and receptor activator of NF-κB ligand (RANKL)/RANK/osteoprotegerin-signaling pathway abnormalities are associated with damage to bone marrow vitamin D secretion, and it may be improved by supplementation of bile calcification alcohols (22) ; these may be factors underlying bone protection in the present pulse-therapy protocols.
In summary, the results of the present study confirmed that a 12-week-long pulse therapy for GO (total dose, 4.5 g) was safe and effective for the skeleton, and it remained so even with 2 treatments (total dose, 9 g). In fact, with the improvement in hyperthyroidism, bone turnover improved, and treatment with another methylprednisolone pulse did not further deteriorate the bone metabolic status-even in adults aged >50 years. Similarly, based on the possible adverse effects of GCs on the skeleton, most patients were supplemented with calcium and vitamin D3, which may also have increased bone protection. In terms of the explicit anti-inflammatory and immunologic effects of MPPT therapy, it was demonstrated that short-term, moderate doses of GCs were well-tolerated and exhibited a higher benefit/risk ratio. At the same time, it is recommended to evaluate the risk of fracture and to provide bone protection therapy for such patients, including calcium and vitamin D supplementation.
There are certain weaknesses of the present study, including a limited number of cases, as there were only 16 patients with 2 courses of MPPT treatment. The retrospective nature of the analysis and the lack of a rigorous design regarding the clinical trial process are further limitations. Increased calcium and/or vitamin D use in the experimental treatments may have also impacted the BMD results. It has been demonstrated that GCs exert adverse effects on vertebral bone microstructure, and they may therefore lead to an increased risk of fracture due to a variety of factors. These include increased risk of falls and changes in bone mass, but these cannot be predicted through BMD measurements. In addition, excessive GCs have adverse effects on muscle mass and function, leading to myopathies and an increased risk of fall (23) . Evaluation of these aspects will be performed by our group upon later follow-up.
